Abstract. In the important transition period of urbanization development in China, the concept of "green development" was integrated into the current urbanization research. This paper constructs the grade evaluation index system from six dimensions: population employment, economic development, urban construction, residents' life, social development and ecological development, and combines the cloud model with the matter element model to construct the green urbanization cloud element material model. We took Shandong Province as an example and evaluated the current level of green urbanization in 17 cities by using this model. The results showed that the green urbanization levels of the four cities such as Ji'nan and Qingdao are the highest; the green urbanization levels of the nine cities such as Zibo and Weifang are good; the green urbanization levels of the four cities such as Zaozhuang and Heze are low. Through analysis, the evaluation results of the green urbanization cloud element matter model are objective and accurate, which verifies the rationality of using this model to evaluate the level of green urbanization, and improved the theoretical research of the current green urbanization. In practice, we can provide scientific guidance for the future development of green urbanization in cities to promote the healthy development of China's green urbanization.
Introduce
Since the reform and opening up, the rapid development of economy and the rapid expansion of urban population had greatly promoted the process of urbanization in China. In the past 40 years, the urbanization rate in China has risen from the initial 20% to more than 50%. By the end of 2017, the total number of cities in China had reached 657, and the urbanization rate was as high as 57.4% [1] . However, with the development of social economy, China's urbanization is also facing a series of social issues such as the ecological environment, resource utilization, employment, land planning, urban transportation, food safety, population aging and so on [2] . In order to solve the above problems, the government is determined to promote the construction of green urbanization in China with the concept of sustainable development [3] .
The research of green urbanization by foreign scholars began with the "green urbanism" [4] . Many scholars have shifted the focus of urbanization research from the study of single population or economic index to the comprehensive quality research of multi-dimensional and multi-perspective of urban development. In 1987, the Soviet scholar Yanitsky proposed to realize the recycling of the ecological environment in the urban development, and integrate green transportation and green construction into urban development. In the "Green City", Indian scholars have proposed that the development of green urbanization must be harmonized with environmental protection and the healthy development of people. In the domestic, the research of green urbanization is carried out with the introduction of ecological civilization and new urbanization [5] [6] [7] . In the 1980s, Ma Shijun proposed "Socio-Economic-Natural Compound Ecological Theory" and considered that urbanization research is a complex ecosystem. When researching green urbanization, Luo Yong pointed out that the development of green urbanization should include multiple aspects green economy, green social progress, improved ecological environment and construction of ecological cities; "National New Urbanization Planning (2014-2020)" proposes to transform the traditional urbanization development mode. We should develop a new type of urbanization that is coordinated development between man and nature. "Opinions on Accelerating the Construction of Ecological Civilization" was released in 2015, Government stated clearly that we should vigorously promote green urbanization.
However, the research of green urbanization in China is still at an exploratory stage [8] [9] . Due to the lack of unified assessment index system and standards, the current research results are relatively few. At the same time, these studies are mainly qualitative research on the theoretical level of development model, countermeasures and suggestions, and lack of quantitative method of green urbanization evaluation research and empirical research. Based on this, the purpose of this study was is to build the evaluation index system for green urbanization by taking Shandong Province as an example, and conduct an objective and quantitative evaluation of the development level of green urbanization in the 17 cities by using the cloud matter element model. This study can theoretically improve the research of domestic green urbanization and improve the credibility of the green urbanization evaluation system. In practice, this method can provide guidelines for the government to formulate future green urbanization development.
2 Construction of index system and evaluation methods
Constructing green urbanization evaluation index system
Green urbanization should be a new urbanization model based on economics, environment, ecology, urban construction and many other disciplines, to realize the sustainable development of population, economy, resources and environment [10] [11] . Therefore, through the integration of existing urbanization, green development, and circular economy index systems, this paper highlights the formulation of cross-cutting indexes for green development in economy, resources, environment, and society [12] [13] . Based on 6 aspects of population employment, economic development, urban construction, residents' life, social development and ecological development, this paper selects 23 index layers to establish the green urbanization grade evaluation index system. Table 1 shows the evaluation index system of green urbanization grade.
The index data needed in this paper comes from "Shandong Statistical Yearbook" and "Shandong Provincial Urban Construction Statistical Yearbook". Some of the data are from "The Social Development Statistical Bulletins" of all cities in Shandong Province. 
Establishment evaluating model
The matter-element analysis method was proposed by Cai Wen, and it has been applied to engineering science and technology [14] . The key part of this method is to take the certain and uncertain connections between the universal things as an integrated certain-uncertain system to analyse. Based on the matter-element theory, the constructed green urbanization matter element model is as follows:
Where N indicates the level of green urbanization, [15] . Since the cloud model was put forward, it has been successfully applied to natural language processing, data mining, decision analysis, intelligent control, and image processing. The "Normal cloud" is used in this paper, and it is generally expressed as ( ) 
Compared with existing methods for evaluating green urbanization, such as fuzzy mathematics, grey evaluation, and analytic hierarchy process, the cloud matter element model has the following advantages: The model can establish correlation function for the complex diversity of current green urbanization studies; The model can quantify each indicator to achieve the conversion between qualitative indicators and quantitative indicators to make the evaluation results more accurate. In summary, the use of this model for the evaluation of green urbanization grade can well reflect the objective level of the current development of green urbanization [16] .
Grade evaluation of green urbanization

Determine the index value and the boundaries of the evaluation index grade
This paper divides the results of green urbanization grade evaluation into ' excellent' ' good ' ' general' .Through the results, we can directly see the current level of green urbanization in each city. This paper also needs to be based on the reference national standards and consult relevant experts to determine the index value and the boundaries of each evaluation index.
Determine the index weights by the entropy method
In order to ensure the objectivity of this study, this paper uses entropy weight method to determine the weight value of different evaluation indexes [17] [18] . Specific steps are as follows:
1) Standardized treatment of each green urbanization index 
Where ij P indicates the weight value of the -' j th' index of the -' i th' city, j E indicates the entropy of the -' j th' index.
3) Calculate weight values of each green urbanization index by the entropy
According to formula (4), we calculate the weight of each criterion layer i ω and the weight of each index layer ij ω . The results are shown in Table 2 . uncertainty of the double-constrained spatial limit value and making appropriate changes to it, the conversion relationship between the interval and the cloud model is used to obtain x E and n E .
Where s is a constant, It can be adjusted according to the actual situation and experts' opinion.
The grade boundary cloud model of Shandong Province's green urbanization evaluation index can be obtained through calculation ( 
Determination of association degree
Assume that i x is a definite value; n E is an expected value;
' n E is a normal random number generated by the mean n E and the standard deviation e H .The formula for calculating the degree of association degree ( ) k x of the index value x belonging to the green urbanization cloud model is: is the association degree of the i v index layer corresponding to the i criterion layer to the green urbanization grade j ; ij ω is the weight of each index layer.
We finally obtain the association degree of each criterion layer corresponding to the green urbanization grade of each city in Shandong Province. (See Table 4 ) 2) Calculate the association degree of green urbanization grade for target layer
Where ( ) j k p is the degree of association of the target layer corresponding to the green urbanization grades j .Where i ω is the weight of each criterion layer.
We finally obtain the association degree of each target layer corresponding to the green urbanization grade. (See Table 5 ) According to the principle of maximum association degree. The j corresponding to ( ) j k p with the highest degree of correlation calculated from formula (10) is the green urbanization grade of each city in Shandong Province as evaluated. The results are shown in Table 6 . 
Analysis of comprehensive association degree
It can be seen from the evaluation results of the comprehensive association degree: 1) In the grade evaluation results of green urbanization in Shandong Province, Ji'nan, Qingdao, Dongying, Yantai have the highest degree of association with the grade ' excellent' , which indicates that these cities have the highest level of green urbanization. These cities are the main parts of Shandong's two national strategies: "Shandong Peninsula Blue Economic Zone" and "Yellow River Delta Efficient Ecological Economic Zone". While developing the Blue Economy and efficient ecological economy, it will play an indirect role in promoting the development of green urbanization. Therefore, the level of green urbanization in these cities is obviously better than that in other cities.
2) Zibo, Weifang, Ji'ning, Tai'an, Linyi, Weihai, Rizhao, Laiwu and Binzhou have the highest degree of correlation with the grade' good ' , which indicates that these cities have better levels of green urbanization.
Among them, Weihai, Rizhao, and Weifang are coastal cities. These cities have better afforestation and environmental quality, and they have innate geographical advantages for advancing the process of green urbanization. Other cities are located in the central region of Shandong Province, and the overall level of development is relatively backward. However, it is possible to promote the level of green urbanization by highlighting urban features, strengthening ecological construction, and developing county-level economy.
3) Zaozhuang, Dezhou, Liaocheng, and Heze have the highest degree of association with the grade ' general' . This shows that these cities have low levels of green urbanization. These cities are mainly located in the Southern and Western parts of Shandong province. For a long time, the economic development is relatively backward, the industrial structure is relatively single, and the proportion of the second industries is too high. Which lead to a low level of green urbanization in these cities.
Analysis of association degree of criterion level
From the evaluation results of each criterion level, it can be seen intuitively that each city has problems in the current development process of green urbanization. In terms of employment of the population, only Dongying is ' excellent' . Other cities should improve the employment environment, increase employment, and promote more people to settle in cities so as to drive the development of the city ; In terms of economic development, Ji'nan and Zibo are ' excellent' ,Other cities should make full use of their own advantages, optimize the industrial structure, develop characteristic industries, promote the development of a green economy, and strengthen regional economic exchanges; In terms of urban construction, Qingdao, Yantai and Binzhou are ' excellent' . Other cities should adjust the land structure, optimize the urban layout, improve the urban infrastructure, and increase land utilization; In terms of social development, Tai'an, Rizhao, Linyi, Dezhou, and Liaocheng are ' general' . These cities should actively improve the level of local education and medical care, promote the coordinated development of urban and rural integration, narrow the gap between urban and rural areas, and allow residents to share the fruits of economic development; In terms of ecological development, Zaozhuang and Dongying are ' general' . These cities should strengthen the treatment of environmental pollution, optimize the traditional industrial structure, develop the green recycling economy, and improve the urban ecological environment.
Conclusions
Through the analysis of the evaluation results of current green urbanization in Shandong Province, the following conclusions have been drawn:
1) The development level of green urbanization in eastern coastal cities of Shandong Province is obviously better than the others of Western and Southern Shandong; The green urbanization level of cities with superior geographical location, convenient transportation and abundant natural resources is better than other cities; The level of green urbanization in Ji'nan, Qingdao and surrounding radiating cities are better than other cities.
2) The green urbanization level of Ji'nan, Qingdao, Dongying and Yantai four cities are significantly better than other cities due to their superior geographical location, active policy support, good economic foundation, and abundant natural resources.
3) The green urbanization level of Zaozhuang, Dezhou, Liaocheng and Heze four cities are lower than other cities due to the lack of resources and the poor urban development foundation. This paper studied current urbanization issues from the perspectives of people-oriented and green development. This paper constructs a green urbanization grade evaluation cloud matter element model by combining the cloud model with the matter element theory. Which is a preliminary exploration of the quantitative analysis and objective research of the current green urbanization. At the same time, this paper scientifically selects six dimensions of population employment, economic development, urban construction, residential life, social development, and ecological development to build green urbanization rating evaluation index system. On the basis of reflecting the current development level of green urbanization, it can further reflect the interaction mechanism of internal factors of green urbanization. By using the entropy method to calculate the weight of each index, it can effectively reduce the influence of subjective factors in the process of studying green urbanization problems, make the weight results more reasonable, and ensure the objectivity of the green urbanization rating evaluation results. Through analysis, it is found that the evaluation results of green urbanization grades in Shandong province obtained by using the cloud matter element model are basically consistent with the current levels of green urbanization in cities of Shandong province, which shows that the model is suitable for the evaluation of the development level of green urbanization. The model can intuitively compare the comprehensive level of green urbanization of each city in Shandong province by evaluation results of the comprehensive association degree. By analysing the evaluation results of each criterion level, we can accurately point out the advantages and disadvantages of each city in the current green development, and provide objective and effective decision-making basis for the green urbanization of the cities in the future. Compared with the existing green urbanization evaluation method, this method has strong operational and practical value.
